Actinides / Transactinides / Gamma-ray spectroscopy / Conversion electron spectroscopy / In-beam spectroscopy / Recoil-decay-tagging / Decay spectroscopy / Rotational structure / Nilsson single-particle levels / Isomers / g-factors Summary. The role of isomers for nuclei with Z ≥ 100 is discussed. Recent advances in experimental instrumentation leading to combined in-beam gamma ray and conversion electron spectroscopy are discussed. The rotational spectra of nuclei with Z ≥ 94 and their moments of inertia are discussed. Examples for in-beam spectroscopy leading to the discovery and identification of isomers are given in 248, 250 Fm. Here some attention is given to the assignment of nuclear configurations from g-factors measured via the branching ratios of coupled bands built on the isomers. A full list of the longest lived isomers in nuclei with Z ≥ 82 is given.
Introduction
The question of the single-particle structure of heavy and superheavy nuclei is one of the most complex and interesting questions in nuclear structure physics. Answering it is a challenge both for experiment and theory alike. The experimental programme has mostly been driven by the question of the location and extent of the "island of stability". This quest is discussed at length in the literature and elsewhere in this volume [1, 2] . Today the growing body of detailed spectroscopic data on nuclei with Z ≥ 100 opens up the possibility of systematic studies of the location and evolution of single particle states [3, 4] .
Experiments are hampered by the low production cross sections for the heaviest elements, putting severe limits on the ability to bring the arsenal of in-beam spectroscopy to bear. However, since the first successful experiment to study in-beam spectroscopy of 254 No, produced in the 48 Ca( 208 Pb, 2n ) reaction with a cross section of 2-3 μb [5] [6] [7] , the experimental infrastructure has continually upgraded to the point where the 12 nb cross section for the production of 256 Rf in the reaction of 50 Ti on 208 Pb is feasible for in-beam gamma spectroscopy.
One important development has been the realisation that the region around 254 No is rife with K -isomers. Such isomers are built on two-quasiparticle configurations and, be-*Author for correspondence (E-mail: R.Herzberg@Liverpool.ac.uk).
ing isomeric, tend to be very pure configurations indeed. Thus structure assignments of the isomers and other twoquasiparticle structures found have become a major tool to investigate the single particle structure of deformed nuclei around 254 No. While isomers in this region have been known for many years, e.g., in 250 Fm and 254 No [8] , a breakthrough came when detailed spectroscopy of 254 No revealed the presence of two isomers, whose decay path included a twoquasiproton (1/2 − [521] × 7/2 − [514]) 3+ configuration. This showed that the 3f 5/2 orbital which in spherical nuclei would lie above the postulated magic gap at Z = 114 lies close to the Fermi surface in well-deformed nuclei in the nobelium region and is available for study [9, 10] . Since then a wealth of experimental information has been gathered on isomers in this region in nuclei reaching up to 270 Ds [11, 12] . Today, in-beam spectroscopic information exists on a large number of nuclei with Z ≥ 100:
246 Fm [13, 14] , 248 Fm [15] , 250 Fm [15] [16] [17] [18] [11] . For a recent review of the experimental situation see, e.g., [4] .
In this paper, we will try to bring together the growing body of experimental information on isomeric states in very heavy nuclei and place them in the context of the available experimental information on isomers in nuclei with Z ≥ 82.
Methods
The experimental tools available for the study of superheavy elements fall into two broad categories, namely in-beam spectroscopy and decay spectroscopy. In both cases, the well-established arsenal of spectroscopic techniques needs to be adapted somewhat to suit the unique challenges of small reaction channels of interest on a large background. A recent overview of some of the major available experimental facilities can be found in [4] .
Instrumentation
Common to all setups used for the study of the heaviest nuclei is the use of a recoil separator that can separate the weakly produced channel of interest from the vast background of transfer products, unreacted and elastically scattered beam, quasifission, and other open reaction channels. The reaction products are detected in a focal plane spectrometer typically consisting of position sensitive implantation detectors surrounded by detectors for the spectroscopy of secondary emitted radiation, such as alpha particles, conversion electrons, X-rays, and gamma rays. Additional detectors such as time-of-flight or tracking detectors aimed at enhancing the sensitivity of the device can also be present. In order to reach the required beam doses of 10 18 -10 20 particles on target, beam currents in the region of several pμA are typically used on rotating targets.
For in-beam studies using the Recoil-Decay-Tagging (RDT) method [34] , the target position is surrounded by a detection system for prompt radiation, such as a gammaray array consisting of HPGe detectors or a conversion electron spectrometer. In these cases, the high level of primary radiation emitted from the target becomes the limiting factor of the allowable beam intensity, and beam currents are limited to a few tens of pnA. The RDT method has been extended by Jones [35] to allow sensitive searches for isomeric states: A heavy nucleus in an isomeric state with a half-life greater than the flight-time through the recoil separator is implanted in the focal plane detector. There it can decay out of the isomer emitting a mixture of conversion electrons, Auger electrons, X-rays, and low energy gamma rays, all of which contribute to a sizeable calorimetric signal at the implantation position. This signal will then be followed by the characteristic alpha decay of the implanted isotope providing a very sensitive and unique signature to identify the decay of an isomer. This signal can also be used to tag on gamma rays at the target position, thus allowing in-beam spectroscopy of the structures built on isomeric configurations. This has proven crucial in the identification of isomeric configurations [18, 22, 36] .
All experimental examples for in-beam studies will be taken from the JUROGAM + RITU + GREAT + TDR setup found at the Accelerator Laboratory of the University of Jyväskylä, Finland. While a detailed description of the setup has been given, e.g., in [4] , we give the cornerstone parameters here. The setup is representative of that used in most experimental studies and serves as an example.
The gas-filled separator RITU [37] consists of an entrance quadrupole providing better matching to the dipole acceptance, a dipole with a maximum beam rigidity of 2.2 Tm, and two focussing quadrupole magnets (QDQQ) with a maximum transmission efficiency around 40%. The focal plane is instrumented with the GREAT spectrometer consisting of two 60 × 40 mm 2 double-sided silicon strip detectors with a thickness of 300 μm and a strip pitch of 1 mm resulting in 4800 pixels. An array of 28 PIN diode detectors (28 × 28 × 0.5 mm 3 ) form the forward detector "box" to detect escaping alpha particles and conversion electrons.
A multi-wire proportional counter 20 cm upstream from the implantation detector serves both to determine the timeof-flight and as a discriminator between recoil implantation events and alpha-decay events by taking coincidences and anticoincidences with the implantation detector, respectively. A planar segmented Ge detector with a 120 × 60 × 15 mm 3 crystal to detect X-rays and low energy gamma rays with high efficiency is placed immediately behind the implantation detector [38, 39] . Higher energy gamma rays are detected in up to four large Clover detectors located in close geometry around the focal plane.
The Ge detecor array at the target position is the JUROGAM germanium detector array consisting of 24 Clover detectors and 15 Phase I detectors from the Gammapool European Spectroscopy Resource, giving a photopeak efficiency of 5.8%. All channels of JUROGAM are instrumented fully with digital electronics allowing individual detector rates of up to 50 kHz without degradation of resolution or significant pileup. All electronics channels feed into the Total Data Readout (TDR) triggerless data acquisition system where they are individually timestamped with a 100 MHz clock and processed individually resulting in minimal deadtime per channel [40] . The whole setup is schematically shown in Fig. 1 .
The large internal conversion coefficients found in heavy nuclei have driven the development of in-beam conversion electron spectroscopy. The electron spectrometer SACRED [41, 42] [16] . The gamma ray and conversion electron spectra for 250 Fm are shown in Fig. 2 to illustrate the interplay of transition energy and internal conversion.
The new SAGE spectrometer combines in-beam conversion electron and gamma ray spectroscopy and is described in greater detail elsewhere [45].
In-beam spectroscopy
The whole spectrum of in-beam spectroscopic techniques can be unleashed to study the rotational and single-particle structure of even very weak channels, provided the channel selection can be done via Recoil Decay Tagging (RDT) methods [34] .
While powerful, it is instructive to look at the limitations of the method. If we denote the total cross section of a beam at a certain energy impinging on a given target by σ tot , which includes all possible reactions leading to all possible exit channels, and by σ 0 the cross section leading to the channel of interest, it is the former that determines the total gamma ray flux at the target position. This flux is usually limited by the maximum rate capability of the prompt spectrometer. For arrays of germanium detectors with analogue instrumentation this maximum rate is typically 10 kHz per detector crystal. The use of digital electronics can increase this rate up to 30-50 kHz per detector crystal without dete- Fig. 2 . Comparison of in-beam electron (top) and gamma ray spectra (bottom) for 250 Fm. The strongly converted 4 + to 2 + transition is only visible in electrons. Taken from [16] .
rioration of the energy resolution. As the total cross section σ tot remains roughly constant from one system to the next, so does the maximum cross section available for study in a given experiment. Increases in sensitivity therefore cannot be achieved by increasing the beam current, but require either a longer beamtime or a higher rate capability. The current record for in-beam spectroscopy using RDT on a nucleus with Z ≥ 100 is held by 246 Fm with σ 0 ∼ 20 nb [13] . In the case of in-beam conversion electron spectroscopy, the situation is even more complex, as the main source of electrons comes from delta electrons created from the passage of a heavy ion beam through the target material. These electrons are indistinguishable from those stemming from internal conversion processes and have to be removed. For the SACRED and SAGE spectrometers, this is achieved by positioning the detectors as close to 180
• to the beam direction as possible to take advantage of the kinematic forward focussing of the majority of the delta electron flux. However, the very large atomic cross sections still require the use of a high voltage barrier which only permits electrons emitted above a given energy threshold to reach the detector. The production cross section for delta electrons scales roughly with the fourth power of the target atomic number, so the very heavy targets (Hg, Pb, Bi) used for in-beam studies around Nobelium require fairly high cutoff voltages with typical values between −30 kV and −50 kV. A schematic of the SAGE setup is shown in Fig. 3 . The rewards, however, are worth the experimental effort. In in-beam experiments, rotational bands can be established with as little as a few dozen full energy gamma rays, which give valuable information on the alignment properties of protons and neutrons. If statistics are higher, branching ratios in excited bands can be used to deduce information on the g-factors of the underlying two quasiparticle configurations, which in turn allow detailed structural assignments [15] . Combined with electron spectroscopy, the electromagnetic character of the observed transitions can be deduced from the measured internal conversion coefficients and, thus, allows to determine spins and parities in the level schemes at a level of statistics where angular correlations or direct parity measurements with Compton polarimeters is completely out of the question.
Decay spectroscopy
The limitations imposed by the prompt spectrometer at the target position no longer apply in this case. Therefore it is now possible to increase the experimental sensitivity by increasing the beam current on the target. Freed of the space constraints inside a germanium spectrometer, large rotating targets withstanding several pμA of continuous beam can be used. Now only σ 0 contributes and the cross section limit is determined by the maximum thermal load on the target and the available beamtime.
The experimental effort required to measure a statistically significant sample in a reasonable time means that one would like to detect all emitted radiation with the highest efficiency and maximum correlation between observed parameters. In the following, we shall not distinguish between the nature of the decaying states or indeed the decay mechanism, but assume that we wish to understand the decay path from an excited structure (either an isomer or the state populated in an alpha decay) to the ground state of a nucleus implanted in the focal plane of a recoil separator.
One of the most fruitful applications of decay spectroscopy is the study of single particle levels through alpha decay chains. As an alpha decay in an odd-mass nucleus preferentially removes pairs of protons and neutrons, the unpaired single nucleon in the mother nucleus will stay behind as a spectator during the decay. Thus the state populated preferentially in the daughter nucleus has the same single particle configuration as the ground state of the mother, only now we deal with an excited state in the daughter, which will decay to the ground state emitting one or more secondary gamma rays and conversion electrons. This then allows a mapping of the excitation energy of the single particle energies through chains of nuclei connected via alpha decays. Care needs to be taken when interpreting this data. While closely connected to the single particle levels, the experimentally observed states are only rarely pure configurations. Thus the association of the experimentally observed state of a given spin and parity with the pure single particle level needs to be taken with a large pinch of salt. However, a more correct way of interpreting these states is only possible after spectroscopic factors are known, which, given the challenges for studies in the superheavy region, is unlikely. Thus some care needs to be taken in the comparison to theoretical model calculations and deviations from expectations need to be carefully considered.
A major experimental challenge is to determine spins and parities of the states in the decay cascade. As the decaying state has been implanted for a while, any orientation of its spin axis will be completely lost at this time. Angular distributions of primary radiation will be isotropic, but subsequently emitted radiation will show angular correlations with respect to the primary radiation [46] . Furthermore any low-lying structures in the nucleus not directly in the decay path of this initial state will not be available for study.
Here again, the simultaneous study of conversion electrons and gamma rays yields internal conversion coefficients and thus the electromagnetic character of the emitted radiation. For a recent review of decay work in this region see, e.g., [4] .
Rotational structure of even-even isotopes
The moment of inertia (MoI) of a heavy deformed nucleus carries a wealth of information. It has the advantage that it can be extracted on the basis of observing the energies of the transitions in a rotational band alone, and is thus available even in cases with very low statistics. It is customary to define the kinetic and dynamic moments of inertia J (1) and J (2) , respectively as
with I denoting the spin of the decaying level and E γ (I → I − 2) the energy of the stretched E2 transition from
The advantage of using the dynamic moments of inertia J (2) lies in that only two consecutive transitions and not even the spins of the observed band are needed to get an estimate of the moment of inertia. This is illustrated in Fig. 4 where we show the ground state rotational band of 248 Fm (taken from [15] ). Panel a) shows the full recoil gated spectrum showing the Fm X-rays, the rotational band and the Doppler broadened Coulomb excitation of the 202 Hg target at 440 keV. To prove that all observed transitions indeed stem from 248 Fm, we show the Recoil Decay Tagged spectrum in panel b). Here, only those recoils followed by a 248 Fm full energy alpha within three half-lives were taken into account and the Coulex peak disappears. Finally in panel c), we show a sum spectrum of events in coincidence with the observed peaks in the band at 165, 221, 274, 323, and 369 keV to show that all transitions are indeed in mutual coincidence as required for a rotational band.
The production cross section for 248 248 Fm nuclei produced during the run, which allows statistically significant results to be extracted from the experiment. Currently, the existing instrumentation is sensitive enough to allow similar studies with as little as 200 produced nuclei [13] .
In Fig. 5 , the ground state rotational bands of 248 Fm, 250 Fm, 252 No and 254 No are compared. The deformation of all four nuclei is very similar with β 2 ∼ 0.28 in all cases, so it is no surprise that the rotational bands look very similar. One experimental problem is that the lowest transitions 4 + -2 + and 2 + -0 + are usually highly converted and could not be measured directly. It thus is necessary to extrapolate expected transition energies on the basis of a Harris fit to the low-lying observed transitions. This procedure has been vindicated in 254 No and 250 Fm where the 4 + -2 + transition extrapolated from gamma ray data was confirmed through direct measurements of internal conversion electrons [16, 44] .
In Fig. 6 , the moments of inertia are shown for a number of Pu, Cm, Cf, Fm and No nuclei with neutron numbers between 146 and 152. In this region the active orbitals aligning first are the i 13/2 protons and the j 15/2 neutrons. In all cases, an alignment is observed around a frequency of ω ∼ 200 keV. Looking at 252 No and 254 No, it can be seen that the upbend in 252 No is a lot more pronounced [21] . This is due to the fact that in 254 No, the i 13/2 protons and the j 15/2 neutrons align at the same frequency. Thus the rotational energy is shared between the pairs and the alignment proceeds slower than in 252 No where only a pair of j 15/2 neutrons aligns at this frequency. Unfortunately, none of the rotational bands have been observed to high enough angular momentum to allow a clear observation of the second up- Fm and 252 No, even the 4 + energies were not directly observed in the gamma ray spectra but were extrapolated from a Harris fit [6] . bend. Rotational bands in this region have very successfully been described in mean field approaches (see e.g. [47-50]) but in this article we will focus primarily on the experimental situation.
Further interesting systematic trend is seen in the Fm isotopes. Here, the ground state rotational bands are known for 246, 248, 250 Fm. The ground state rotational band for 256 Fm is also known, but not shown. Again, it is striking how similar the behaviour of the N = 150 isotones are to each other. It would be very interesting to measure the ground state rotational band of 252 Fm and 250 Cf to get a direct comparison of the evolution of the N = 152 nuclei, but previous attempts of measuring the 252 Fm were unsuccessful. In the Cm isotopes, the most extensive dataset is given by 248 Cm [51] where a smooth upbend is followed by a downturn. Piercy et al. suggested that this is due to the interplay between the j 15/2 neutrons aligning first with a pair of i 13/2 protons contributing above spin 10 [51] . In the other Cm and Cf isotopes, the bands are not known to high enough angular momentum to see whether they behave in the same way.
The situation is different for Pu isotopes. The Pu chain is well studied to high angular momentum in many isotopes [52] . In these isotopes, strong octupole correlations are found and the ground state rotational band and the lowest negative parity band are described in terms of octupole parity doublet bands at high excitation energy. The most striking feature is the strong alignment of a pair of i 13/2 protons at a frequency of ∼ 250 keV. However, in 240 Pu this alignment is not found in the frequency range. This feature can be understood in terms of octupole phonon condensation [53] . It should be noted that octupole correlations are not expected to play a role in the nobelium and fermium nuclei in this region.
Isomer-tagged spectroscopy: 250 Fm
In the nucleus 250 Fm, in-beam and decay spectroscopy combine in an ideal way to illuminate the structure of a 2 quasiparticle isomer with spin and parity 8 − [15] . This isomer was originally observed by Ghiorso et al. [8] configuration. This configuration thus pins down the location of the spherical 2f 5/2 single proton level, which lies above the Z = 114 potential shell gap. Similar insights were expected from a study of 250 Fm. Both in-beam and decay spectroscopy were performed in the same experiment, which allowed spectroscopy of the ground state band as well as of the rotational band built on the isomer. Details of the experiment can be found in [15, 17, 18] .
The 250 Fm nuclei were produced in the 204 Hg( 48 Ca, 2n) 250 Fm reaction using HgS targets enriched to 90.5% 204 Hg. Fig. 7 shows the alpha spectrum showing peaks from 250 Fm as well as from the daughter and granddaughter nuclei 246 Cf and 242 Cm. The small contribution from 248 Fm stems from reactions on 202 Hg impurities (9.5%) in the target. The inset shows the decay curve giving a halflife of T 1/2 = 27.6(8) min, somewhat shorter, but still consistent with the value given in [16] 
It is an indication of the quality of the separator that the background rate per pixel was low enough to allow alpharecoil correlations over a period of hours. Due to the high Fig. 7 . Alpha-particle energy spectrum for 250 Fm. The inset shows the decay curve. The full black line is a double exponential fit to the data, whereas the dashed lines give the individual exponential contributions. Taken from [15] . Fig. 8 . In-beam spectra of 250 Fm. The top panel shows the recoil gated spectrum and the bottom panel shows the RDT spectrum. Taken from [15] . cross section of ∼ 1 μb, 13 000 alpha particles belonging to 250 Fm were detected.
The in-beam gamma-ray spectra taken with JUROGAM are shown in Fig. 8 . Panel a) shows the recoil gated spectrum whereas panel b) shows the RDT spectrum. The statistics are excellent and allow weaker structures to be observed. The peaks marked with diamonds are clearly attributed to 250 Fm as they are present in both spectra, whereas the Coulex of the 204 Hg target at 437 keV is absent in the RDT spectrum. Beside the ground state rotational band up to spin 20 and the Fm X-rays, a single high intensity gamma ray at 836 keV is shown in the inset. This gamma ray stems from the deexcitation of the band head of a 2 − band. Above 400 keV, it becomes hard to identify the peaks belonging to the ground state rotational band. This information is obtained from the coincidence matrix. Fig. 9 shows the coincidence information. The top panel is the total projection of the gamma-gamma matrix, while the bottom panel shows all gamma rays in mutual coincidence with gates on either of the 6 + → 4 + to 20 + → 18 + transitions. The ground state band transitions are clearly in strong mutual coincidence. Following the method of Jones [35], a search for a calorimetric signal in the same pixel of the implantation detector following the recoil implant was performed. Such a signal is indicative of the decay of an isomer that has survived the flight time through the recoil separator and decays via highly converted low-energy transitions, emitting conversion electrons, Auger electrons, and X-rays. The sequence of an implanted recoil, an electron signal, and a characteristic alpha decay all in the same pixel becomes the genetic fingerprint of an isomeric decay. Furthermore, one can use the electron signal as an additional tag in order to pull out those gamma rays that have populated the isomer in the prompt spectrometer, thus giving access to the rotational bands built upon the isomer. In 250 Fm, this band could be traced up to spin and parity 22
− and is illustrated in Fig. 10 . The gamma transitions with energies greater than 200 keV stem from the two signature partners of a strongly coupled band built on the 8 − isomer. The interband transitions connecting the two bands have large M1 admixtures and are highly converted. Only in the case of the 170, 179, and 192 keV transitions can they be identified as separate transitions. The strong X-rays, however, give an indication that the intensity flow in this band proceeds through a number of unobserved mixed M1/E2 interband transitions. Together with the transitions linking the isomer to a 2 − excited band and the ground state rotational band, we deduce the level scheme shown in Fig. 11 [15, 18] It is straightforward to try and use the observed branching ratios in this band to determine the g-factor of the isomeric configuration and thus allow a structural assignment.
Assuming the rotational model to hold [54], we can write the reduced transition probabilities for the intraband and interband transitions as:
with g K the gyromagnetic ratio of the configuration, g R the gyromagnetic ratio of a rotating charged ellipsoid taken as g R = Z/A, and Q 0 the quadrupole moment of the band. 
The gamma ray intensities can be found from these values via the well known relations incorporating the gamma transition energy E γ (in MeV):
Thus in a rotational band built on a configuration with quadrupole moment Q 0 and g-factor g K the branching ratio R of the interband mixed M1/E2 transition from a level J to the intraband stretched E2 transition is entirely determined by these quantities:
and can be tested against predictions based on likely configuration assignments. − configuration. These single particle energies are important for the discussion of the nuclear structure in the nobelium region and are therefore shown here in Fig. 12 .
These configurations have g-factors g K (8
− nn) = −0.0225, and g K (2 − nn) = 0.125. In Fig. 13 the expected branching ratios are shown against the observed values. In all cases the assignment as a two neutron configuration is clearly more consistent with the experimental data [18, 35] .
The systematic trend of isomeric states in the N = 150 isotones has been discussed by several authors [17, 18] . The consistent picture emerging is one where the deformed shell gaps in the nobelium-fermium region are firmly established to lie at N = 152 and Z = 100. However, the similarity of the level schemes does strongly suggest that the decay proceeds through the two neutron components of the wave functions.
Systematics of isomers above Z = 82
Nuclear isomers have long been studied in all regions of the nuclear chart. Isomeric states have significantly longer lifetimes than those of other states in the same nucleus. This can be due to several causes falling into a few broad categories, and indeed isomers should be classified in terms of their underlying structure rather than by lifetime alone.
If the difference in spin and parity to all levels of lower energy is large, the only decay channel open is through hindered high multipolarity gamma transitions (spin traps). These types of isomers are often found in the vicinity of closed shells, where the ordering of single particle states leads to complex level schemes.
A second mechanism that can produce isomers is given by the different shapes found in the nucleus. If one state has a very different shape from the rest, the transition needs to rearrange a large number of nucleons and is therefore hindered. This case is encountered, e.g., in fission isomers located in the second minimum of the fission barrier in actinide nuclei.
A third mechanism leading to long lifetimes is given through conservation of angular momentum. In a deformed nucleus, the projection of the total angular momentum onto the nuclear symmetry axis is the K -quantum number. If a state with high K has to decay to one with a significantly different K , then the transition has to change the direction of the angular momentum relative to the symmetry axis of the deformed nucleus resulting in significant hindrances. These states are K -isomers.
Very comprehensive descriptions of isomerism in all its forms can be found e.g. in [57] . In the region of the superheavy elements where the shell structure contributes dominantly to the nuclear stability, subtle differences in configuration can have large effects on the lifetimes. Thus, it is quite possible that in the super heavy region an isomeric state can have a longer lifetime than the ground state [58] . This situation is encountered in 270 Ds, where the isomer has a half-life of T 1/2 = 6.0 +8.2 −2.2 ms while the ground state has a half-life of only T 1/2 = 100 +140 −40 μs [11] . Perhaps the most extreme example found in lighter nuclei is given by 180 Ta, where the isomeric state has a half-life of greater than 10 15 years while the ground state has a half-life of only 8 h.
The interest in isomers in the superheavy region is also firmly rooted in the fact that isomerism usually points to a structural difference as mixing among nuclear levels tends to even out the observed lifetimes. Isomers therefore tend to have very pure configurations, a distinct advantage when trying to trace the evolution of single particle levels through isotopic chains.
We will first focus on the isomeric states in even-even fermium and nobelium nuclei. Data [14] . If one assumes that the nuclear deformation does not change significantly from one nucleus to the next, then the single particle levels calculated in the Woods-Saxon model with universal parameters [55] are roughly constant throughout this region and can be used for a qualitative discussion of the expected isomers. However, these energies are still sensitive to higher order deformations. We take the levels shown in Fig. 12 Further investigations aimed at deducing the g-factor of this isomer will become feasible in the future.
The nucleus 250 Fm is very well studied, due to its relatively high production cross section. Thus the isomer is well established at an excitation energy of E = 1.198 MeV and a half-life of T 1/2 = 1.92 (5) A second, short-lived isomer with T 1/2 = 184(3) μs has been seen in all experiments, but the decay path to the longer lived isomer is unclear. In [27] and [28], different suggestions for the decay of the isomer are put forward, while even the structure assignments of the short isomer disagree. In [9] the structure is proposed to be 16
e. a coupling of the two 8 − configurations built on two protons and two neutrons, respectively, which are expected to lie close in energy. However, in [10] , a proposal of 14
is made. Recent work by Liu [64] points out the importance of higher order deformations, in this case β 6 , for the description of the fission barrier heights and single particle spectra. Including a large deformation of β 6 = −0.029 improves the correspondence between experimental and calculated levels, confirming especially the crucial nature of the 3 + configuration. In all calculations the twoproton and two-neutron 8 − configurations lie too close in energy to distinguish between them on energetic arguments. The configuration of the short-lived isomer is lower for the calculated 16
] configuration close to the lowest 16 + level. A larger discrepancy shows up in the energy of the 10 + two neutron configuration at the heart of the arguments in [28] , but the larger difference does not in itself rule out the assignment [64] .
The situation becomes even less straightforward in the Rf isotope 256 Rf [31] , where experimental data suggests the existence of three isomers, all with half-lives between 15 and 30 μs. While several low-lying two quasi-particle configurations are listed in [31] no attempt to map configurations to isomers is made. New experiments are clearly called for in this puzzling case.
In addition to these, several isomers in odd-mass nuclei are known, but they will not be discussed in detail here. Rather we have collected information on the longest-lived isomers in all nuclei with Z ≥ 82. The data is summarised in Table 1 where we give the nucleus, half-life, excitation 
Conclusions and outlook
Nuclear structure studies in the region of superheavy nuclei are experimentally challenging, but very rewarding as they allow the mapping of single particle orbitals throughout the nuclear chart. A unique role is played by nuclear isomers, which serve as beacons for wave functions based on the purest configurations. The past decade has seen a large body of data accumulated in the nobelium region. Over that time the cross section limit at which meaningful in-beam studies were possible has been lowered from 2 μb for the first experiments on 254 No to 20 nb for 246 Fm. Similar advances are to be expected when the next generation of new tracking gamma arrays comes online in the form of GRETINA in the US and AGATA in Europe. The increased sensitivity can be expended to either perform "first-look" experiments on ever heavier nuclei, or to put the assignments of structure onto a much firmer experimental footing in the fermium nobelium region and thus providing the necessary benchmark data for modern theoretical calculations that will extrapolate to the island of stability with some reliability and predictive power.
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